propeptide. Once secreted into the extracellular space, the propeptides are removed by specific endopeptidases, thus allowing integration of the rigid collagen triple helix into the growing fibril. ** The procollagen type III aminoterminal peptide (PIIIP) formed during this process is released into the blood. The serum concentration of PIIIP has been proposed as a useful marker of collagen type III synthesis.23 This is supported by a diversity of clinical observations demonstrating that high serum levels of the peptides reflect ongoing tissue fibrosis.2428
The procollagen type I carboxy-terminal peptide (PIP) is cleaved off procollagen type I during the synthesis of the fibril forming collagen type I. In contrast to PIIIP, PIP is completely removed from its procollagen precursor during the extracellular processing of the collagen type I,** thus offering the theoretical advantage of directly reflecting fibrogenesis. This has been confirmed in studies conducted in patients with different clinical conditions.29-31 Therefore, we investigated the serum concentrations of PIP and PIIIP in different clinical and experimental studies to assess the intensity of the fibrogenic process in patients with essential hypertension and in rats with spontaneous hypertension. In addition, the relations between serum concentrations of the 2 peptides and several parameters of left ventricular anatomy, structure, biochemistry, and function were analyzed to delineate the value of these peptides as potential markers of ventricular fibrosis in hypertension.
STUDIES ON SERUM PEPTIDES OF COLLAGEN SYNTHESIS IN ARTERIAL HYPERTENSION
Clinical studies: In a previous study32 we determined, by specific radioimmunoassay, the serum concentrations of PIIIP in 24 patients with essential hypertension who had never been treated and in 30 normotensive control subjects. None of the subjects exhibited abnormalities suggestive of conditions associated with elevated serum PIIIP concentrations (chronic liver disease, pulmonary fibrosis, rheumatoid arthritis, extensive wounds, acute myocardial infarction).
As shown in Figure 1 , serum PIIIP was higher in hypertensive patients than in control subjects (11.20 f 0.76 vs 8.47 +-0.77 rig/ml, mean rl: SEM, p < 0.01). A direct correlation was found between serum PIIIP and plasma renin activity in the group of hypertensive patients. In addition, serum PIIIP was correlated inversely with maximal early transmitral flow velocity measured during diastole by Doppler echocardiography in the group of hypertensive patients, Serum concentrations of PIIIP were measured in 15 patients after receiving the ACE inhibitor lisinopril (10-20 mg once daily) for 6 months. The serum PIIIP concentrations decreased significantly in these patients (11.76 +-0.84 vs 8.47 -+ 0.66 ng/ ml; p <O.Ol; Figure 1 ). Blood pressure became normal,after treatment with lisinopril. Echocardiographic parameters assessing left ventricular mass were diminished after the treatment period. Trends toward normalization of diastolic filling parameters after treatment did not attain statistical significance.
In another study we measured serum PIP in 50 patients with essential hypertension who had never been treated and in 30 normotensive control subjects.33 Serum PIP was measured by specific radioimmunoassay. Conditions associated with elevated serum concentrations of PIP (alcoholic liver disease, metabolic bone disease) were excluded after a complete medical examination. Measurements were repeated in 43 hypertensive patients after 6 months of treatment with lisinopril (lO-20 mg once daily).
Baseline serum concentrations of PIP were increased in hypertensive patients compared with normotensive subjects (139 + 6 vs 108 +-6 kg/L; p <O.OOl; Figure 2 ). Serum PIP was correlated directly with the left ventricular mass index in the group of hypertensive patients. In addition, serum PIP concentrations increased in parallel with the increase in the Lown-Wolf grade of ventricular arrhythmias in the group of hypertensive patients.
In treated patients blood pressure became normal and there was a regression of left ventricular mass index and a diminution in the number of daily ventricular extrasystoles. Serum PIP concentrations decreased to normal values in patients treated with lisinopril(ll1 + 5 vs 108 5 6 kg/L; p < 0.001; Figure 2 ).
Experimental study: In a pilot study, we evaluated serum PIP concentrations in 7 36-week-old male spontaneously hypertensive rats with established left ventricular hypertrophy. Specific radioimmunoassay was used to measure serum PIP in rats. The amount of left ventricular collagen was evaluated by measuring the hydroxyproline concentration. The collagen-specific stain, Masson's trichrome, was used to evaluate the presence and intensity of interstitial and perivascular fibrosis of the left ventricle.
In spontaneously hypertensive rats compared with 7 age-and sex-matched Wistar-Kyoto normotensive control rats we found: (1) an increase in hydroxyproline concentration (1.05 2 0.03 vs 0.84 + 0.05 m/g dry weight/100 g body weight; p ~0.05; Figure 3) ; and (2) an increase in serum PIP (10.31 + 0.58 vs 8.25 -t 0.59 &L, p < 0.05; Figure 4 ).
All the spontaneously hypertensive rats exhibited severe interstitial and perivascular fibrosis. The absence of pathologic myocardial fibrosis was seen in 6 normotensive rats. One Wistar-Kyoto rat exhibited mild interstitial fibrosis.
COMMENTS
The findings of the studies show an increase in serum concentrations of PIIIP and PIP in patients with essential hypertension and in spontaneously hypertensive rats. Elevated serum PIIIP and PIP may be markers of increased collagen type III and type I synthesis in arterial hypertension.
The question arises as to whether the measurement of PIIIP and PIP accurately reflects tissue fibrillogenesis.
In this regard, in experiments of quantification of fibroproliferative reactions in situ, it has been shown that the PIIIP and the PIP assays reflect ongoing collagen synthesis. In fact, when the expression of procollagen type III and procollagen type I is induced, as during wound healing and other repair processes, 34,35 the local concentrations of the PIIIP and the PIP antigens in interstitial fluid increase dramatically, This is in agreement with a number of clinical observations showing that the circulating levels of the 2 peptides correlate well with ongoing tissue fibrosis.243i
We are aware that by measuring serum procollagen-derived peptides we assess the formation of The relations observed between serum PIIIP and PIP and parameters of mass, function, and electrical activity of the left ventricle suggest that circulating procollagen-derived peptides may reflect ongoing myocardial fibrosis in essential hypertension. However, because no cardiac biopsies were performed in the clinical studies mentioned here, the cardiac origin of the 2 peptides remains speculative, and other extracardiac sources deserve to be considered.
In this regard, our finding that serum PIP is increased in spontaneously hypertensive rats with fibrosis of the left ventricle due to an excess of collagen deposition serves to reinforce the role of this peptide as a potential serum marker of myocardial collagen type I synthesis in hypertension.
In summary, the findings presented here permit us to propose that serum procollagen peptide measurements may provide indirect diagnostic information on the myocardial fibrosis associated with arterial hypertension. Histopathologic studies of the left ventricle of patients with arterial hypertension should be carried out to confirm or reject this hypothesis.
